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Abstract 
  
 The goal of this Major Qualifying Project was to formulate and compare multiple new 
designs for the electrical harness in Caterpillar’s medium wheel loader vehicles. After weighing 
cost and other factors, the project team suggested that Caterpillar use a harness design with 
stainless steel coated fiberglass sleeve for insulation material, and the combination of a Velcro-
jacket with Teflon tubing for insulation structure.  Students from Worcester Polytechnic 
Institute traveled to Wuhan, China to form a team with students from Huazhong University of 
Science and Technology, which together worked with engineers at Caterpillar Suzhou Co. Ltd to 
find solutions.
  iii 
Acknowledgments 
 
 The team would like to express their thanks to the advisors of this project, Professor 
Kevin Yiming Rong and Professor Lingsong He. Without them, the American and Chinese 
students in this team first may not have ever met each other, and second the project would not 
be as strong without their moral support and wise advice. Thanks go to Worcester Polytechnic 
Institute and the Huazhong University of Science and Technology for setting up the opportunity 
for the members of the team to work with each other.  The WPI students enjoyed the cultural 
experience of living in China and having a taste of the Chinese university life. The team is also 
very appreciative of the help from the engineers at CSCL and CRDC including MWL Manager 
Paul Watts, Senior Engineer Silas Sun, and Senior Associate Engineer Michael Liu. They provided 
a great amount of insight into the importance of communication and the structure of a large 
company like Caterpillar. Lastly, the WPI students would like to express their gratefulness 
towards their Chinese partners, since a partnership and friendship was created that would 
never be forgotten due to distance or time.  
 
  iv 
Table of Contents 
Abstract....................................................................................................................................................  - ii - 
Acknowledgments...................................................................................................................................  - iii - 
1. Introduction ..........................................................................................................................................- 1 - 
2. Background ...........................................................................................................................................- 2 - 
2.1 Caterpillar Suzhou...........................................................................................................................- 2 - 
2.2 Electrical Harness............................................................................................................................- 3 - 
2.3 Environment ...................................................................................................................................- 5 - 
3. Methodology.........................................................................................................................................- 6 - 
3.1 Problem Statement.........................................................................................................................- 6 - 
3.2 Tasks and Objectives.......................................................................................................................- 6 - 
3.3 General Project Plan .......................................................................................................................- 7 - 
4. Procedure..............................................................................................................................................- 8 - 
4.1 Identification of Need.....................................................................................................................- 8 - 
4.1.1 Questions and Answers...........................................................................................................- 8 - 
4.2 Evolution of Objectives...................................................................................................................- 9 - 
4.3 Visiting Caterpillar ........................................................................................................................- 10 - 
4.3.1 Visit to CSCL...........................................................................................................................- 10 - 
4.3.2 Visit to CRDC..........................................................................................................................- 10 - 
4.3.3 Discussion of Failure..............................................................................................................- 11 - 
4.4 Consultation..................................................................................................................................- 12 - 
4.4.1 Professor Huang ....................................................................................................................- 12 - 
4.4.2 Professor Hu..........................................................................................................................- 14 - 
4.5 Material Research and Analysis....................................................................................................- 15 - 
4.5.1 Insulation Material ................................................................................................................- 15 - 
4.5.2  Materials for the T-joint and Connector Sections................................................................- 18 - 
5. Results.................................................................................................................................................- 20 - 
5.1 Material Selection.........................................................................................................................- 20 - 
5.1.1 Material Requirements .........................................................................................................- 20 - 
5.1.2 Table of Materials .................................................................................................................- 21 - 
5.1.3 Table of Material Comparison...............................................................................................- 22 - 
5.1.4 Table of Material Decision Matrix.........................................................................................- 23 - 
5.2 Structural Design ..........................................................................................................................- 24 - 
5.2.1 Design Requirements ............................................................................................................- 24 - 
5.2.2 T-Joint Protection..................................................................................................................- 25 - 
5.2.3 Connector Protection............................................................................................................- 27 - 
6. Conclusion...........................................................................................................................................- 28 - 
7. Recommendation................................................................................................................................- 29 - 
8. References ..........................................................................................................................................- 30 - 
Appendix A – Project Charter .................................................................................................................- 31 - 
Appendix B – Questions and Answers ....................................................................................................- 32 - 
Appendix C – CRDC Testing Facilities ......................................................................................................- 35 - 
  v 
Table of Figures 
Figure 1 – Exterior of CSCL.......................................................................................................... - 2 - 
Figure 2 – Medium Wheel Loader and Motor Grader................................................................ - 2 - 
Figure 3 – MWL Electrical Harness ............................................................................................. - 4 - 
Figure 4 – Exposed areas of the harness. “T-joints” and connectors......................................... - 4 - 
Figure 5 – Radiation from steel slags.......................................................................................... - 5 - 
Figure 6 – Project plan, first half................................................................................................. - 7 - 
Figure 7 – Project plan, second half............................................................................................ - 7 - 
Figure 8 – Possible materials with coatings, clockwise from top left....................................... - 17 - 
Figure 9 – Softer materials. Teflon and ceramic fiber .............................................................. - 19 - 
Figure 10 – Evolution of solid T-joint design............................................................................. - 25 - 
Figure 11 – Assembly of the Velcro-metal joint ....................................................................... - 25 - 
Figure 12 – Aramid Zipper Sleeve. Insulation sewed to Aramid Zipper to ease wrapping ...... - 26 - 
Figure 13 – Velcro Insulation.  Uses Velcro, similar to firefighters uniform............................. - 26 - 
  1 
1. Introduction  
 The company Caterpillar Incorporated manufactures an assortment of industrial 
machines, such as tractors, backhoes, and dump trucks, and customers worldwide use the 
vehicles in various applications. One of Caterpillar’s Chinese branches, Caterpillar Suzhou 
Company Limited (CSCL), sells medium wheel loaders to a customer that uses the vehicles to 
move slags in a steel mill. Due to the high temperature and corrosive environment, the vehicles’ 
electrical harness easily fails. This MQP team worked with CSCL to devise multiple new designs 
for the harness, and compared the designs’ resistances to the steel mill environment in order to 
formulate the most feasible solution.  
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2. Background 
 
2.1 Caterpillar Suzhou 
 
 Caterpillar Incorporated is a company that manufactures industrial vehicles such as 
tractors, dump trucks, and other construction and mining equipment. The company is based in 
Peoria, Illinois and has over 200 facilities worldwide. Caterpillar Suzhou Company Limited (CSCL) 
is a branch located in Suzhou, China and the facility was founded in 2006.  The facility 
specializes in manufacturing medium wheel loaders (MWL) and motor graders (MG), where 
loaders are tractors that use buckets to move material while graders use long blades to flatten 
rough surfaces.  
 
 
 
 
  
Figure 1 – Exterior of CSCL 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 – Medium Wheel Loader and Motor Grader 
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2.2 Electrical Harness 
 
 The task of the team is to devise new designs for the electrical harness inside the MWL 
vehicles manufactured at CSCL. An electrical harness is an assembly of electrical cables and 
their protective sleeves, and its purpose is to bind together the cables that transmit current 
between electrical components. The harness also serves to prevent the cables from interfering 
with each other and other internal components, and protect the cables from the outside 
environment. During vehicle manufacturing, the harness provides Caterpillar with an efficient 
method of installing all the necessary cables, and only the ends of the harness need to be 
crimped or soldered to the electronic terminals of other components. 
  In the MWL vehicles, the harness consists of a yellow braided sleeve that contains the 
wires inside. The MWL models 972H and 980H are SMA vehicles, where SMA stands for steel 
mill arrangement. Since these vehicles are used in steel mills where the temperatures are 
relatively high, for these models sleeves of insulation are slipped onto the harness. However, 
this method of installing the insulation results in incomplete protection and the harness is 
exposed to the outside environment at its “T-joints” and at its end connectors. The T-joint is 
where branches of the harness divert from the main branch, and physically appears more like 
the letter ‘Y’ than the letter ‘T.’   
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Figure 3 – MWL Electrical Harness 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 – Exposed areas of the harness. “T-joints” and connectors. 
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2.3 Environment 
  
 The 972H and 980H MWL vehicles are used in steel mills to move hot slags, and the 
harness in the loaders is exposed to high temperatures, corrosive chemicals, and mechanical 
vibration.  The slags in a steel mill have a temperature around 1600°C, and radiation is the main 
method of heat transfer from the slags to the harness. The radiation heats up the harness 
insulation and hastens its aging process, as well as contributes to the thermal shock that 
propagates crack growth in the insulation. For chemicals, quicklime or calcium oxide (CaO) is 
used as a flux to remove impurities in the steel. Sulfuric acid (H2SO4) and muriatic/hydrochloric 
acid (HCl) are used as high-pressure power washing fluids to remove any lime slack off the 
loaders. Mechanical vibration is due to interrupted motion, such as accelerating and braking, 
when the vehicles are under load. The density of the steel slag is around 2000 kilograms per 
cubic meter, and the average loader bucket can carry about 4500 kilograms of material. In 
terms of the harness, radiation contributes the most to failure while the mechanical vibration 
contributes the least.  
 
    
 
 
 
 
 
 
 
 
Figure 5 – Radiation from steel slags 
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3. Methodology 
  
 As the team learned through this project, clear communication with the engineers of a 
large company such as Caterpillar, Inc. is essential to defining the scope of the task given and 
achieving set objectives. Both the background behind the harness failure and the future 
procedural plan for solution were re-defined multiple times as the project progressed. The 
team initially planned to create a single design solution for the new harness; test materials, and 
manufacture a prototype. This plan was later seen as lacking focus, and so the problem 
statement evolved to become more concise.  
 
3.1 Problem Statement 
  
 The goal is to formulate and compare multiple new concept designs for the electrical 
harness in CSCL SMA wheel-loaders. The two criteria are that the new insulation should have 
improved resistance to thermal, chemical, and mechanical factors; and the harness should no 
longer be exposed to the steel mill environment.  
 A list of tasks and objectives was then structured around this problem statement, and 
was successfully completed by the end of the project.  
 
3.2 Tasks and Objectives 
 
1. Identify and analyze the problem. 
2. Determine the criteria for improvement. 
3. Evaluate possible material replacements. 
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4. Invent structural designs for T-joints and protection methods for connectors. 
The steps taken in the evolution of the problem statement and task/objective list, as well as the 
steps taken to achieve the goals and tasks, are summarized in the general project plan shown 
below.  
 
3.3 General Project Plan 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 – Project plan, first half 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 – Project plan, second half 
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4. Procedure  
4.1 Identification of Need  
   
 At the beginning of the project, the team sent several emails to confirm the need of 
Caterpillar and the requirements of the project. A project charter was given to the team, which 
is in Appendix A. The problem statement stated that the need is to design and improve the 
lifetime of an electrical harness for Caterpillar's Medium Wheel Loaders that will allow the 
vehicles to operate in severe environments.  
 The project charter expanded the problem statement with additional information. The 
wheel loaders are manufactured at Caterpillar Suzhou Co., Ltd. (CSCL) in Suzhou, China, and the 
Engineering Manager of the company is Mr. Paul Watts.  Material selection is a core factor in 
the new harness design, the environment is a steel mill where metal slags need to be handled, 
and two special models of the Medium Wheel Loaders are intended for the steel mill: 972H and 
980H. The harness should withstand temperatures higher than 100°C, and specifically, the new 
material should at least protect the harness from continuous exposure up to 260°C (500°F), and 
short-term exposure up to 1090°C (2000°F).  The harness should withstand high-pressure jet 
washing, and highly alkaline and acidic environments, and the cost of the new design should 
not exceed 30% more than the original design.  
 
4.1.1 Questions and Answers 
  
 To further understand the problem, the team sent CSCL a list of questions, and the 
resulting dialogue was included in a project outline, which is in Appendix B.  
  9 
4.2 Evolution of Objectives 
  
 In the general objectives, the first was to investigate and discuss failure criteria of the 
original harness with teammates and Caterpillar engineering design team. Next was to research 
applications of various materials and design layouts that have relevance to the harness design.   
The third objective was to evaluate the results from research and brainstorm various ideas for 
the design. Last was to collect and compare design and material ideas in a comprehensive 
manner and offer to Caterpillar for evaluation. 
 Through contact with CSCL engineers, the team realized that the problem of extending 
the lifetime could be divided into two aspects: the improvement of the insulation material and 
a new design for the protection of the T-joint and connector sections of the harness. The team 
would find better materials to replace the current insulation, and the team would design 
physical devices to protect the T-joint and the connector from the severe environment. 
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4.3 Visiting Caterpillar 
  
 The team paid visits to two branches of Caterpillar in China. One was CSCL, and the 
other was the Caterpillar Research and Development Center (CRDC) in Wuxi, China.  
 
4.3.1 Visit to CSCL 
  
 At CSCL, the engineers showed the team what the harness was exactly like and some 
videos about the environment where the wheel loaders would work. They also gave some 
failure reports which provided some information from the suppliers of the insulation and the 
diameters and other parameters of the insulation. Silas Sun sent some specifications of the 
current Fyrejacket insulation and other Fyrejacket products. The engineers suggested that the 
team should research insulation companies in order to get the information needed for material 
selection. 
 
4.3.2 Visit to CRDC 
     
 At CRDC, the engineers showed the team all the testing facilities which could be used to 
test the design. The team also learned that after the design and material research, some ideas 
for the harness testing procedures could be considered, and the actual testing phase would be 
remained to be done by the company. The available facilities and instruments at CRDC are 
listed in Appendix C.  
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4.3.3 Discussion of Failure 
  
 During the visits, the team found that the T-joint and connector sections of the harness 
were not covered and protected from the environment properly.  Because these sections could 
fail easily, the whole harness would fail as well. Further discussion brought up the fact that 
Caterpillar has not solved the problem well yet. 
 Also, from previous research on the Internet, the team found there were many 
alternative materials which were better than the current one that could meet the 
requirements. Therefore, choosing alternative materials would be a major part of the project. 
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4.4 Consultation 
  
 When discussing selection for the new insulation, the team did not feel that they had 
much knowledge in terms of materials. In order to learn more, the team consulted Professor 
Huang and Professor Hu from the HUST Material Department. They both gave some very 
practical and useful information on material improvement and selection. The details are as 
following.  
 
 4.4.1 Professor Huang 
    
 The team consulted Professor Huang twice. During the first time, he strongly 
recommended asking for a sample of insulation from Caterpillar, and that even a failure sample 
would be better. But through the contact with Paul, the team learned that he could only order 
a new sample from America, and it would take a month to be delivered to China, so a failed 
sample would not be available to the team. Considering the long time for a new harness to 
arrive, the team dropped the idea and this added more difficulties to the project. 
   Professor Huang also gave the team some advice on material improvement and 
selection. He mentioned that silica and aluminum oxide were two kinds of materials that were 
commonly used in industry to withstand high temperatures. He recommended that theoretical 
studies should be done on the two materials.   
   Before the scheduled consultation, the team came up with the idea to test the new 
insulation for resistance to thermal shock after the harness design was created. Professor 
Huang suggested a way to expand upon the idea: set up a comparing experiment between the 
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current insulation and the new insulation. Under similar conditions, the team could heat both 
insulation materials and quench them in cold water in order to compare their thermal shock 
properties. But through further contact with Paul and Silas, the team learned that testing would 
not be part of the project scope. So the team did not have a chance to follow Professor Huang’s 
advice to do the thermal shock test. 
   Professor Huang also gave some advice on a way to improve the properties of the 
current insulation material. Adding a special type of padding that contained stainless steel 
powder would improve the insulation’s resistance to acid corrosion.  
 From the second consultation with Professor Huang, the team attained more ideas on 
how to approach the physical design of the insulation. One consideration was to circulate 
compressed air through internal tubes in order to reduce the temperature at the boundary 
between the harness and insulation. However, considering the high cost of this method, the 
team decided to drop it eventually. 
   Another suggestion was to wrap reflective material around the insulation in order to 
resist radiation. Through some theoretical studies, the team learned that most of the heat 
transferred to the insulation in the steel mill environment was in the form of radiation. There 
were many possible materials that could be used as a reflective sleeve, and so after some 
analysis of feasibility and cost, the team decided to utilize this method as one of the ways to 
improve the properties of the insulation. 
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4.4.2 Professor Hu 
 
   The team consulted Professor Hu for some guidance on testing and experiments. At a 
HUST materials lab, Professor Hu showed the team a micro-harness tester, an oven that could 
be heated up to 260°C, an instrument used to test acidic and alkaline chemicals, as well as a 
scanning tunnel microscope and an X-ray scanner. He was very supportive and offered the team 
the chance to use his instruments to do testing if necessary. 
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4.5 Material Research and Analysis 
4.5.1 Insulation Material 
4.5.1.1 Insulation Material – Basic Requirement 
 Selecting materials and designing a protection system can be assisted by understanding 
the type of heat in a situation. Ambient heat is the surrounding atmospheric temperature in the 
area, situation, or environment.  For example, on a normal day in an office it might be 70°F, but 
in Death Valley it might be 120°F. Conductive heat is the heat from direct contact between two 
solid objects: touching the tip of a hot soup spoon with a finger, for example.  Convection is the 
transfer of heat through a fluid medium: blowing air across the top of the spoon to cool it 
down. Radiation, or radiant heat, is the exchange of heat purely through the movement of 
ionized particles, or electromagnetic waves: simply holding a metal spoon under sunlight will 
heat it up since ultraviolet light excites many common metallic atoms.   Heat through radiation 
can come from molten metal streams and glowing slabs or billets of metal, and molten metal 
splash or weld splatter can influence which grade of an insulation material such as silicone 
should be selected.  
 Since products vary according to different industries and equipment, it is the team’s 
responsibility to find the proper applications of different materials. Cost control should be 
included in this point.  All insulation materials should withstand heat, flame, molten splash, 
weld splatter, grinding, electrical sparks, infrared and ultraviolet heat, contamination, abrasion 
and harsh chemicals. To refer back to the problem statement, these are the temperature 
requirements for the current silicone-fiberglass sleeve: continuous exposure up to 260°C 
(500°F), and short-term exposure up to 1090°C (2000°F). Considering that the temperature of 
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the slag is 1600°C when it comes out, the team needs to make sure the alternative materials 
can at least withstand the temperatures that the current insulation can. The harness should be 
able to withstand high-pressure jet washing, and highly alkaline and acidic environments, and 
the cost of the new design should not exceed 30% more than the original design.  
   
 4.5.1.2 Insulation Material - Possible Materials 
 For a new insulation material, the team researched industrial-grade materials that were 
used already in high temperature environments and were sold by Chinese suppliers. These 
materials include alumina, bronze, ceramic fiber, EPDM, fiberglass, Hastelloy, Inconel, Kevlar, 
Monel, Neoprene, Nomex, PTFE (Teflon), PTFE expanded, silica, silicone, stainless steel, and 
Viton.  For heat-retardant materials, those containing fiber, silicone rubber, and heat reflective 
materials show the best properties.  
 For fiber and fiberglass, two types most commonly used are E-glass and S-glass. E-glass 
has good insulation properties and it will maintain its properties up to 1000°F (815°C) 
continuous use and for non-tensile loaded applications up to 1200°F (648°C). S-glass has a high 
tensile strength and is stiffer than E-glass, and useable up to 1200°F (648°C) continuous and 
1400°F (760°C) for non-tensile loaded applications. 
 Other types of fiber include ceramic and silica. With almost the same temperature 
range, ceramic fiber offers a harder/stiffer material than silica in the same form. Ceramic based 
materials are typically composed of approximately 50% silica (SiO2) and 50% alumina (Al2O3) 
fibers while silica based materials are obviously almost 100% silica fibers . Ceramic based 
materials have a slightly higher continuous temperature use and slightly higher excursion or 
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environmental temperature range.  Silica based materials provide burn-through protection 
from molten metal and weld splatter. 
 Silicone rubber coated materials resist molten metal splash and heavy weld splatter very 
well, as the molten metal does not stick to the silicone.  The silicone rubber also has a high 
thermal dispersion index, transferring the heat at the contact area very rapidly into the 
surrounding area and thus minimizing burn-through. 
 There is heat reflecting fiberglass with aluminum foil or aluminum coated Mylar 
(polyester), and aluminum foil coated fiberglass can withstand a higher temperature exposure 
than Mylar-aluminum coated fiberglass, but the aluminum foil is more easily subject to 
mechanical breakdown due to abrasion, flexing and vibration.  The aluminum is calendared 
onto the fiberglass base fabric along with an adhesive.  Aluminum foil coated fiberglass can be 
used to temperatures up to 1000°F (537°C); however the adhesive will burn off at temperatures 
above 475°F.  For the fiberglass coated with Mylar-aluminum, the Mylar coating will melt and 
vaporize at a lower temperature than the aluminum foil adhesive will, but it performs better for 
applications where there is repetitive movement.  Mylar-aluminum coated fiberglass is typically 
suited to temperatures up to 440°F (226°C). 
 
 
 
 
Figure 8 – Possible materials with coatings, clockwise from top left: 
Fiberglass-Silicone (current), Fiberglass-Aluminum Foil, Fiberglass-Stainless Steel, and E-Glass Fiberglass 
with no coating 
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4.5.2 Materials for the T-joint and Connector Sections 
  
 For the hard covering material over the T-joints and connection points, the team 
researched several engineering plastics to make the material of the body. Polyamides, PTFE 
(Teflon), PPS (polyphenylene sulfide) and PEI (a polyamide polymer called polyetherimide) are 
the materials which can withstand high temperature. 
 From the analysis for the materials, the team thought that the PEI material can be a 
good material alternative for the hard design body. It can withstand a short excursion of 482°C 
and it has good mechanical and chemical characteristics.  
 For the soft design on the T-joint body and the connection points, apart from the 
current insulation material, the team considered a heat shrinkable tube. Among current tube 
products, the Teflon heat-shrinkable tube can withstand at least 260°C, high corrosion, high 
pressure, flame and long-term non-aging properties. It is widely used in aerospace, 
instrumentation, textile chemicals, food health care, electronics, telecommunications, 
petrochemical, and metallurgy electronics. For Teflon products, continuous use temperature 
ranges from -55 to 280°C, the minimum shrink temperature is around 260°C, and minimum full 
recovery temperature is at 300°C. 
 The above materials list compares different materials for the T-joints and connection 
points. From the list, the team can see that the softer materials are better in mechanical 
flexibility, while the harder materials are better in assembling procedures. 
 Another material which can be added between the insulation material and the braided 
harness is ceramic fiber paper which is made of extremely pure alumina-silicate ceramic fiber 
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non-woven fabric, an alternative to asbestos. While it is light-weight, flexible, and has good 
handling strength, the ceramic fiber paper also has low thermal conductivity, good dielectric 
strength and excellent corrosion resistance.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9 – Softer materials. Teflon and ceramic fiber 
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5. Results 
 
5.1 Material Selection 
 
5.1.1 Material Requirements 
  
 To restate from before, the material requirements are that the harness should be 
protected from a continuous temperature exposure of at least 260°C, should have increased 
resistance to the acidic and alkaline environment, should be resistant to vibration while 
maintaining flexibility, and should be economic as well.  
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5.1.2 Table of Materials 
 
Insulation Name Base Material Coat Material Image 
Firesleeve  
(current insulation) 
Fiberglass Silicone 
 
Flame Guard Fiberglass Aluminum Foil 
 
Reflective Sleeve Fiberglass Aluminum Foil 
 
Stainless Steel Coated Sleeve Fiberglass Stainless Steel 
 
Braided Delta Glass Class E Fiberglass N/A 
 
Knitted Delta Glass Class E Fiberglass N/A 
 
 
 
 
 
 
 
  22 
 
5.1.3 Table of Material Comparison 
 
 
Material  
List 
Heat 
Resistance 
(continuous 
exposure) 
Chemical 
Resistance 
Mechanical  
Resistance 
Price 
(25 mm) 
Current 
Insulation 
260 ℃ Resistant Flexible under vibration $25.91 
Flame Guard 537 ℃ Less resistant 
Subject to mechanical 
and abrasion breakdown, 
less tensile strength than 
stainless steel 
$ 8.87 
Heat 
Reflective 
537℃ Less resistant 
Subject to mechanical 
and abrasion breakdown 
$ 12.87 
Stainless Steel 
Coated 
537℃ 
Tougher corrosion 
resistance 
Subject to mechanical 
and abrasion breakdown 
$ 12.87 
Delta Glass 537℃ 
Resistant to acid 
and alkaline 
Less tensile strength than 
S-glass 
$ 2.27 
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5.1.4 Table of Material Decision Matrix 
 
 
Material 
List 
Thermal 
(4X) 
Chemical 
(2X) 
Mechanical 
Flexibility  
(2X) 
Mechanical 
Vibration 
(1X) 
Price 
(2X) 
Score 
Current 
Insulation 
6 8 9 8 5 6.91 
Flame 
Guard 
8 6 6 6 8 7.09 
Heat 
Reflective 
8 6 6 6 7 6.91 
Stainless 
Steel 
Coated 
9 9 7 6 7 8.00 
Delta 
Glass 
7 8 8 8 9 7.82 
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5.2 Structural Design 
 
5.2.1 Design Requirements 
 
 The new structural design of the harness’s insulation should be adaptive to the 
harness’s structural features, should have effective connection and sealing with other 
components, should be arranged with the steel mill environment in mind, should be easy to 
assemble, and should be cost effective. 
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5.2.2 T-Joint Protection 
 
 
Figure 10 – Evolution of solid T-joint design 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 – Assembly of the Velcro-metal joint 
   
Screw joints between two 
halves. 
Every hole-axis perpendicular 
to own plane. 
Easier machinability. 
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. 
 
 
Figure 12 – Aramid Zipper Sleeve. Insulation sewed to Aramid Zipper to ease wrapping 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13 – Velcro Insulation.  Uses Velcro, similar to firefighters uniform 
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5.2.3 Connector Protection 
  
 Different connectors within the same harness are shaped differently and sized 
differently. For this problem the team suggests using heat-shrinkable Teflon tube where the 
continuous use temperature is from -55 to 280°C, the minimum shrink temperature is around 
260°C, and minimum full recovery temperature is around 300°C. Ceramic fiber can fill in any 
gaps after Teflon shrinks and isolate heat away from harness, heat-resistant silicon adhesives 
that resists more than 343 ℃ (1260 ℃ at most) can provide extra sealing force at harness 
connection points, and clamps can continue to be used to secure harness to convenient 
locations in the loaders.  
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6. Conclusion 
 
  
 Based on the analysis from the decision matrix from the results section, the team agrees 
that stainless steel coated sleeve is the best choice for the insulation material. Stainless steel 
coated sleeve receives a high score for the thermal and chemical factors, a low score for the 
mechanical factors, but in the end it has the best average score, hence it is the best choice.   
 By the end of the project, the team came up with four different designs for the T-joint 
and three different suggestions for the connectors, using the different materials evaluated in 
the materials section. For the T-joint insulation the team has one hard design that is easy to 
attach and reliably protects the exposed area; but, it can be heavy and it lacks flexibility. The 
team also has three flexible designs which are lighter and much more flexible than the solid 
design, but might be tougher to attach to the harness. The team suggests that the Velcro 
insulation jacket is the most efficient design. 
 For the connectors the team proposed the use of heat-shrinkable Teflon tube which 
conforms to the shape of the connector at high temperatures. The team also proposed filling 
the gaps of other materials using ceramic fiber or heat-resistant silicon adhesive. 
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7. Recommendation  
  
 For future work with this project, the team agreed on some suggestions. The work may 
include comparing alternative materials from overseas suppliers, evaluating the effectiveness of 
the designs through prototyping and testing, and focusing testing on three main factors: 
insulation resistance to both continuous and short term temperature, property to resist acidic 
and alkaline environment, and mechanical factors such as vibration and flexibility. 
  30 
8. References 
1. Caterpillar Inc. Web. 2011. <http://www.caterpillar.com>.  
 
2. "Caterpillar: Suzhou." Caterpillar China - Home. Web. 2011. 
<http://china.cat.com/cda/components/fullArticle?m=315897>.  
 
3. "Cat Products: About the Company." Cat Products & Services. Web. <http://www.cat.com/about-
the-company>. 
 
4. Buschow, K. H. J. "Brittle Materials: Thermal Shock - Fracture Mechanics of Thermal Shock." 
Encyclopedia of Materials: Science and Technology. Vol. 1. Amsterdam: Elsevier, 2001. 826-28. 
Print. 
 
5. "Steel Industry - Carmeuse Group - Lime and Limestone." About Us - Carmeuse - Carmeuse Group - 
Lime and Limestone Producer. Web. <http://www.carmeuse.eu/page.asp?id=18>. 
 
6. "Hydrochloric Acid." Northstar Chemical Inc. Web. 
<http://www.northstarchemical.com/prod_hydrochloricacid_prof.htm>. 
 
7. Steel Furnace Slag...an Ideal Railroad Ballast." National Slag Association. NSA 173-3, 20 Jan. 2007. 
Web. <http://nationalslag.org/archive/legacy/nsa_173-3_steel_slag_rr_ballast.pdf>. 
 
8. Caterpillar, Inc. 972H Steel Mill Arrangement - Design for Hot Slag Handling Applications. 
Caterpillar, 2007. Presentation PDF. 
 
9. Wei, Chun, and Xiao Ming Sang. You Ji Gao Fen Zi Cai Liao Shi Yan Jiao Cheng. Chang Sha: Zhong 
Nan Ta Xue Chu Ban She, 2009. Print. 
 
10. Schaffer, James P. The Science and Design of Engineering Materials. Taipei: McGraw-Hill 
Companies, 1999. Print. 
 
11. Lagace, Paul A. Composite Materials: Fatigue and Fracture, Second Volume. Philadelphia, PA: 
ASTM, 1989. Print. 
 
12. "Industrial Firesleeve Federal-Mogul Bentley Harris Fyrejacket 40020 10F0050 to AB-FS Cross 
Reference Guide." Firesleeve Part Number Cross Reference Guide PJ PJA 2650 AE102 Fyrejacket. 13 
Sept. 2009. Web. <http://www.hightempequivalent.com/federal-mogul-bentley-harris-fyrejacket-
industrial-firesleeve-part-number-cross-reference.html>. 
 
13. Federal-Mogul Corporation. 2011. Web. <http://www.federalmogul.com/>.  
 
14. Extreme Heat Protection. AB Thermal Technologies, 2007-2010. Web. 
<http://www.extremeheatprotection.com/?gclid=CITRjZXc5qoCFYIlpAodRAGP6g>. 
  31 
Appendix A – Project Charter 
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Appendix B – Questions and Answers 
 
 The questions below were sent to CSCL engineers Paul Watts and Silas Sun. The answers 
from Paul are in black, while the answers from Silas are in blue. 
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Appendix C – CRDC Testing Facilities 
At CRDC, there were several rooms for different experiments: 
a) Metallic room  
a. Carbon-Sulfur analyzer for the C-S percent ratios in steel 
b. High-tech spectrometer  
b) Non-metallic room  
a. Axial tension/compression loader 
b. Low-temperature freezer 
c. Toughness testing machine (ductile vs. brittle) 
d. “Charpy” impact testing machine 
c) Chemical room 
a. pH testing procedures 
b. Bacteria cultures to maintain chemical properties 
c. Coatings, e.g. improve hardness or protection against thermal/chemical exposure 
d. Even creates the customized Caterpillar yellow color 
d) Non-destructive testing 
a. Scanning electron microscope (SEM) 
b. X-ray scanner 
e) Assembly workshop  
a. Furnace and quenching machine 
b. Milling, sawing, and EDM machines 
f) Hardness testing 
a. Brinell, Rockwell, etc. 
